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Abstract Introduction: There have been only afew stud-
ies on differentiated childhood thyroid cancer (DTC) in
children and adol escents. Methods: We analyzed the char-
acteristics of DTC with respect to age, gender and histol -
ogy in 114 patients under 18 years of age. In a question-
naire-based survey, data of 114 patients, aged between
3 years and 18 years, was collected from 65 clinical insti-
tutions in Germany. Characteristics of 80 females and
34 males were eval uated, and the prognostic effect of age,
gender, histology, multicentric growth, tumor stage and
N-status on distant metastases was tested using multivar-
iate discriminant analysis. Between-group comparison
was performed using student t-test and chi-squared test.
Results: Theincidence of DTC in females was higher than
in maleswith apeak of female:maleratio at puberty, which
was more pronounced in children with papillary thyroid
cancer, but not with follicular thyroid cancer. Papillary
thyroid cancer was associated with more advanced disease
(P = 0.009), more lymph-node involvement (P = 0.007)
and more distant metastases (P = 0.02) compared with fol-
licular thyroid cancer. Multivariate analysis showed ad-
vanced tumor stage asthe only significant factor (P = 0.02)
associating with distant metastasis. Conclusion: It can be
concluded that in children and adolescents: 1. The inci-
dence of papillary thyroid cancer is higher in femalesthan
males, with a peak at puberty. 2. The only significant fac-
tor associated with distant metastases is the advanced tu-
mor stage. 3. Childhood thyroid cancer isfrequently asso-
ciated with lymph-node involvement, distant metastases
and advanced tumor stage. 4. Papillary childhood thyroid
cancer is more aggressive than follicular type.
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Introduction

Since the outbreak of childhood thyroid cancer in the area
around Chernoby! following the reactor accident of 1986
[1, 2], there has been several studies on childhood thyroid
cancer. Inaddition, thereare several reportsof anincreased
number of this malignancy in Sweden [3], England and
Wales[4]. The characteristics of thyroid cancer in children
with respect to different prognostic factors are, however,
still poorly understood.

Because tumor biology and pathway of metastases in
different histological types of thyroid cancer are different
[5—7], we analyzed the age-specific characteristics of dif-
ferentiated thyroid cancer (DTC) in 114 children and ad-
olescents with respect to gender and histology.

Methods

This retrospective analysis was initiated by participants of the Mul-
ticentric Prospective Project: “Malignant Endocrine Tumorsin Chil-
drenand Adolescents’. Theaim of thisproject, supported by the Ger-
man Society for Pediatric Oncology and Hematology and Children’s
Cancer Registry at the University of Mainz, was to design a pros-
pective multicentric therapy study for childhood thyroid cancer, us-
ing the results of the present retrospective analysis.

Dataof DTC was collected in asurvey from 65 widely dispersed
centersin Germany. A detailed questionnaire sent to the centersin-
cluded questions on age, gender, histology, multicentric tumor, tu-
mor stage, treatment and outcome[8]. A total of 114 patientsbetween
3 years and 18 years of age, followed up after treatment for DTC
between 1980 and 1993 in these centers, werethe subject of our study.

Characteristics of 80 females and 34 males with respect to age at
diagnosis, histology, multicentric growth, tumor stage, lymph-node
involvement and distant metastases are depicted in Table 1. Only pa-
tients with well-documented histology, surgical and biochemical
records, with a follow-up time of at least 1 year, were included in
this study. Mixed papillary-follicular thyroid cancers were consid-



236

Table1l Characteristics of differentiated thyroid cancer in 80 fe-
males and 34 males

No. of cases
24

M Males
E= Females

Females(n=80) Males(n=34) P-vaue
No. (%) No. (%)
PTC 61 (0.76) 28 (0.82) 0.51
Stage pT4 23 (0.29) 10 (0.29) 1.00
Stage N1 41 (0.51) 18 (0.53) 0.89
Stage M1 18 (0.22) 11 (0.32) 0.08

P values are derived from results of chi-squared test (significance
level = 0.05). PTC, papillary thyroid cancer

Table 2 Characteristics of 114 children and adolescents with dif-
ferentiated papillary and follicular thyroid cancer

Papillary (n =89) Follicular (n=25) P-value

No. (%) No. (%)
Girls 61 (0.69) 19 (0.76) 0.48
Stage pTb 20 (0.22) 3(0.12) 0.25
Stage pT4 31(0.35) 2(0.08) 0.009
Stage N1 52 (0.58) 7(0.28) 0.007
Stage M1 27 (0.30) 2(0.08) 0.02

P values are derived from results of chi-squared test (significance
level = 0.05)

ered as papillary thyroid cancer (PTC) (according to the WHO clas-
sification). Patients with undifferentiated thyroid cancer (one case),
medullary thyroid cancer (seven cases), and history of radiation ex-
posure (one case) were excluded from this study. All tumor stages
werereclassified according to UICC 1987. Lymph-nodeinvolvement
and distant metastases were assessed in all patients by clinical ex-
amination, ultrasound of the neck, iodine-131 whole-body scan, thy-
roglobulin and chest X-ray.

Indeed, all children underwent thyroidectomy and iodine-131
treatment; however, due to different treatment and diagnostic work-
up used in follow-up in different centers, we did not perform further
analysis regarding outcome of patients.

Statistical analyses were performed using a Macintosh com-
puter and StatView program (Abacus Concepts for Macintosh).
Between-group comparison was performed using Student t-test and
chi-squared test.

Univariate and multivariate discriminant analyses were carried
out to test the influence of the prognostic factors age, gender, histo-
logical type, multicentric growth, tumor stage and lymph-node cat-
egory on distant metastases at staging. A P value of less than 0.05
was considered to be significant.

Results

The characteristics of 80 girls and 34 boys included in
our study are summarized in Table 1. Mean age was not
significantly different (P=0.14) between girls (13.6%
3.7 years) and boys (12.4+4.0 years). There was no sig-
nificant difference of histological type, tumor stage and
lymph-nodeinvolvement between girlsand boys(Table 1).
Seventy-nine percent of boys and 75% of girls had cancer
confined to only one site of thyroid (P=0.65), whereas the
remaining 15% and 23%, respectively, had bilateral tumor
or tumor localized in the isthmus (P=0.04). Male gender
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Fig. 1 Distribution of differentiated thyroid cancer in children and
adolescents; breakdown by gender (n = 114)
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Fig. 2 Distribution of differentiated thyroid cancer in females;
breakdown by histology (n = 80)

was associated with a higher risk for distant metastasis,
however, the statistical analysisfailed to reveal the signif-
icant effect of gender on metastasis (P=0.08).

PTC was present in 89 (78%) children. The remaining
25 (22%) suffered from follicular thyroid cancer (FTC), of
whom only two had advanced disease in stage pT4, and
distant metastases (Table 2). PTC was associated with a
significantly higher frequency of advanced disease (35%
vs 8%), lymph-node involvement (58% vs. 28%) and dis-
tant metastases (30% vs 8%) than FTC (Table 2).

In general, the incidence of thyroid cancer in females
was higher than in males, which was more pronounced at
puberty. The frequency of tumor revealed an increase with
age (Fig. 1) in females (<16 years) which was more pro-
nounced in females with PTC than FTC (Fig. 2).

The overall frequency of metastases was 25%. The
most powerful factor associating (Table 3) with metasta-
ses (multivariate analysis) was advanced tumor stage (P =
0.02), which was more pronounced (P = 0.002) in children
with PTC than FTC. Younger children tend to have more
metastases (Table 3), but the statistical analysisjust failed
to reach the level of significance (P = 0.08).



Table 3 Influence of age, gender, histology, multicentric growth,
tumor stage and lymph node involvement on frequency of metasta-
ses at staging in children and adolescents with differentiated thyroid
cancer (multivariate discriminant analysis). PTC papillary thyroid
cancer; FTC follicular thyroid cancer

Factors No. of No. of P-value
patients metastases

Age 114 29 0.08

Females 80 18

Males 34 11 0.38

PTC 89 27 0.20

FTC 25 2

pTa 62 21 0.39

pTh 18 7

pT1l 7 2

pT2 32 6

pT3 11 2

pT4 30 19 0.02

NO 26 3

N1 55 26 0.28

Discussion

Several kinds of human malignancies are supposed to be
influenced by endogenous hormones [9, 10]. The fre-
guency of these hormone-dependent tumorsiis reported to
be different between females and males [9]. This effect is
clearly demonstrated for breast cancer, the etiology of
whichisrelated to hormonal factors[11, 12]. Thyroid can-
cer isone of those malignancies, which predominantly oc-
cursinfemales[9], suggesting that hormonal determinants
are involved in the pathogenesis of this malignancy. A re-
view of theliteraturereveal sseveral studiessupportingthis
hypothesis. Pregnant women are shown to have increased
circulating levels of thyroid-stimulating hormone (TSH)
after theend of thefirst trimester [13, 14]. Indeed, thisfind-
ing may apply only to iodine-deficient areas [15]. How-
ever, Germany remains one of the few countries with no
mandatory iodine prophylaxis, with an overall prevalence
of endemiciodine-deficiency goiter of about 50%[7]. TSH
is the principal hormone regulating the growth and func-
tion of thethyroid gland and has been shown to induce thy-
roid cancer in animal experiments [16-18]. Thus, al fac-
tors enhancing TSH secretion may be associated with an
increased risk of thyroid cancer [19].

Hallquist et al. demonstrated, in acase-control study on
180 patients aged 20-70 years and 360 controls, that the
history of pregnancy was associated with increased risk of
PTC [20]. In another epidemiological case-control study
inwomen aged 40 years and younger, pregnancy increased
therisk of thyroid cancer [10]. After excluding womenwith
underlying thyroid disease and thosewhosefirst pregnancy
ended in miscarriage, there was an increase in risk of thy-
roid cancer with an increasing total number of pregnancies
[10].

Endogenous hormones can also influence the thyroid
tissue directly. Imai et al. studied the reactions of sex-hor-
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mone (estrone, estradiol, estriol and testosterone) antisera
in 109 cancerous and 80 normal and benign thyroid tissue
specimens immunhistochemically [21]. They found that
endogenous estradiol was located in thyroid cancers more
frequently in females (56%) than in males (33%). Estro-
gen-binding activity in the cells was not only present in
thyroid cancers, but also in normal and benign thyroid tis-
sues [21].

Our analysis demonstrated that the age-specific in-
crease of thyroid cancer in females is related to puberty.
Theincidence of thyroid cancer at puberty was remarkably
higher in females than in males, whereas the female:male
ratio in children and adol escents, before and after puberty,
was comparable to that in adults. Further analysis in our
study indicated that this gender-specific excess of thyroid
cancer was present only in femaleswith PTC, but not with
FTC (Fig. 2). It is well known that growth spurt and the
appearance of secondary sex characteristics at puberty oc-
cur concomitantly with an increase of sex hormones [22].
Thus, the present study supportsthe hypothesis of invol ve-
ment of sex hormones in the pathogenesis of PTC but not
FTC.

Males tend to have more metastases than females
(Table 1). However, statistical resultsjust failed (P = 0.08)
to reach the level of significance (Table 1).

Of 114 (52%) children, 59 had lymph-node metastases
at diagnosis, which is more than that reported in children
(44%) from France and Italy [23]. In our study, lymph-
node involvement in children with PTC (58%) was signif-
icantly higher than inthose with FTC (28%), but was com-
parable to results from Belarus (65%) [23]. The role of
lymph-node involvement on prognosis of patients with
DTC iscontroversia [5, 24]. In arecent study, we demon-
strated an adverse prognostic effect of lymph-node in-
volvement in patients with advanced differentiated thyroid
cancer [7]. Indeed, the univariate analysis in the present
study demonstrated a higher frequency of distant metasta-
sesin lymph-node positive patients (P = 0.004). Multivar-
iate analysis, however, disclosed this effect to be present
only in those children with advanced disease. Thisfinding
underscores the prognostic effect of lymph-node involve-
ment in childhood DTC only in the case of a co-correla-
tion with advanced disease.

Twenty-five percent of children in our study had distant
metastases, which was similar to results in children from
Franceand Italy (24%) [23]. Indeed, these datademonstrate
a higher frequency of distant metastases in children from
Western Europe compared with those reported in children
from Belarus (9%). However, the frequency of distant me-
tastasesis dueto the limited availability of iodine-131 scan
in cases from Belarus presumably underestimated.

In agreement with results from France and Italy [23],
extrathyroidal tumor invasion was present in approxi-
mately one-third (32% vs 29%) of the children, mostly in
those with PTC (35%) compared with FTC (8%). In com-
parison, children from Belarus tend to have a higher fre-
guency (48%) of extrathyroidal tumor invasion [23].

A total of 78% of tumors were of papillary type com-
pared with only 22% follicular type. In agreement, the pro-
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portion of PTC in children from England and Wales [25]
was comparable (77%) with our results. Similar data (76%
PTC) werealso reported in children with DTC from France
and Italy [23]. Thus, concordant results of these three stud-
iessuggest alower incidence of PTCinchildrenfrom West-
ern Europe (representing non-radiation-exposed children)
compared with childhood thyroid cancer from Belarus
(representing mostly radiation-induced thyroid cancer). In
the first report of thyroid cancer arising after Chernobyl,
all tumorswere of PTCtype[1, 2]. Of among 84 childhood
thyroid cancersremoved in Minsk between 1991 and 1992,
83 were found to be PTC and only one a medullary thy-
roid cancer [26].

In contrast, the review of the literature shows a higher
incidence of FTC (10-17%) among radiation-induced thy-
roid malignancies [27-31] than in studies from Belarus.
Thelower incidence of FTCinchildrenfrom Belaruscould
be due to a longer latent period of this type of DTC after
radiation exposure. Nikiforov reported on the first case of
FTC diagnosed in the exposed population of children from
Chernobyl area after a 6.5-year latent period, compared
with 4 years of minimal latency for PTC [32].

The lower incidence of FTC among radiation-induced
childhood thyroid carcinoma from Belarus could also be
dueto different effects of radiation exposure by iodine-131
than external radiation.

Compared with PTC, in the present study, FTC re-
sults in a lower incidence of extrathyroidal tumor infil-
tration, lymph-node involvement and a lower number
of distant metastases, suggesting this type of DTC to be
less aggressive than PTC. Indeed, FTC is believed to
have aless favorable prognosis than PTC [33—36]. How-
ever, this could be mostly related to the typical presenta-
tion of this malignancy in older patients and co-correla
tion with more advanced disease rather than tumor his-
tology [37].

To our knowledge, there are only afew studies dealing
with prognosis of DTC in children with respect to histol-
ogy. In a study of 93 children with DTC from Sloan-K et-
tering Cancer Center, La Quaglia et al. report on a lower
rate of recurrencein children with FTC than with papillary
or papillary—follicular carcinomas [38]. In the multivari-
ate analysis, the only powerful significant factor affecting
the time to recurrence was the histological type (P<0.01)
[38]. Schlumberger et al. also reported on alower relapse
rate for FTC in a series of 72 children with DTC under
16 years of age with a median follow-up time of 13 years
[39]. Thus, concerning these studies, the “U-shaped fre-
guency distribution of recurrent disease” reported by Maz-
zaferri [37] with significantly more recurrences before age
20yearsand after age 60 years(P<0.0001) in patientswith
differentiated thyroid cancer may only apply to papillary
type of this malignancy.

It can be concluded that:

1. The incidence of papillary thyroid cancer is higher in
females than males, with a peak at puberty.

2. The only significant factor associated with distant me-
tastases in children is the advanced tumor stage.

3. Childhood thyroid cancer is frequently associated with
lymph-nodeinvolvement, distant metastases and advanced
tumor stage.

4. In children, papillary childhood thyroid cancer is more
aggressive than follicular type.
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